Operation modes of the VEPP-4M used for energy spread measurements
The target of our experiments was not only definition of the beam energy spread for basic modes of the collider operation, but comparison of several procedures for measurement of relative energy spread yet. •Beam oscillation was excited by a short kick with amplitude of b ≥ σ y .
Spectrum of betatron motion was derived with FFT.
Method (I)
A spectrum of vertical betatron oscillations. 
Ratio of R 1 /R 0 for different modes of the VEPP-4M operation. Experimental points and theoretical curves are shown. 
METHOD II. Chromaticity dependence of envelope of betatron oscillations
This approach was proposed in (II). It was been shown that envelope A(t) of free coherent betatron oscillations, excited by kick with amplitude of b, is described as
Experimentally, energy spread was determined from comparison of measured beam betatron motion with the theoretical curve A(t) . II) . N.A.Vinokurov et al. The influence of chromaticity and cubic nonlinearity on kinematic of betatron oscillations. Preprint BINP 76-87, Novosibirsk, 1976 (in Russian) .
Method (II)
Положение ЦТ пучка
• The reverse Fourier transform was applied to the measured spectrum of betatron oscillations, but only ν y ±mν s harmonics were taken into account. The result of this operation for ZMEJ mode and C y = 18.5 is shown at the left figure.
• The envelope of the derived betatron motion En(t) was compared the theoretical curve A(t).
Energy spread δ E was used as a fitting parameter. The fitting was done for the same measurements, i.e. for the same values of chromaticity C y , that for the method (I). An example of comparison of theoretical curve with experimental data is presented at the right figure. Comparison of A(t) (2) and the envelope En(t) of the down curve, presented at the left Figure. Only upper part of the symmetrical curves is shown.
C y = 18.5, δ E = 6.7⋅10 -4 , ν s = 0.0089. 
ZMEJ mode A(t), En(t),

METHOD III. Current dependence of energy spread
The experiments with the methods of (I) и (II) were done at the small beam current I 0 = 10 ÷ 50 mkA, when collective effects are negligible. Under experiments with mesons mass measurements beam currents were closed to beam-beam effects threshold restriction. This value was of 1.5 ÷ 3.5 мА, depending on the beam energy spread.
The measurements of radial and longitudinal beam dimensions σ x,z were done for determination of current dependence. Energy spread of the beam was derived from measured radial size and known amplitude functions in the observation point.
It was supposed that main reason, caused σx size and energy spread σE growing, was At the current higher than I = 4 mA, the σ X (I) dependence has a threshold behavior and needs in additional studying. This threshold might be caused by microwave instability with the threshold depending on the accelerating voltage V RF . The methods (I), (II) were applied with reduced value of V rf = 150 ÷ 250 kV for to decrease a synchrotron frequency ν s that improved a resolution of the measurements described above. The collider runs of 2002-2006 years were performed at V rf ≥ 400 kV, and instability threshold was significantly higher then the currents of the operated beams that were restricted by the beambeam effects.
•Radial beam size σ x vs. beam current I 0 .
• Data of ψ' and J/ψ resonance scanning 
